Introduction
This paper analyses the behaviour of stock prices in Ukraine by modelling the PFTS stock market index. Specifically, it examines its degree of dependence, noting that if the order of integration of the series is equal to 1, it is possible for the efficiency market hypothesis to be satisfied provided the differenced process is uncorrelated. Moreover, it tests the hypothesis of mean reversion (orders of integration below 1 in prices) or alternatively, long memory returns (orders of integration above 1 in the log prices) by using long memory and fractional integration techniques. These are more general than the standard approaches based on integer degrees of differentiation, and provide much more flexibility in modelling the dynamics of the process. Finally, the degree of dependence for each day of the week is investigated in order to establish whether there are any dayof-the-week effects.
We use daily data from January 2007 to February 2013 and the main results in the paper can be summarised as follows. First, we find that the log-prices series are fractionally integrated or I(d) with an order of integration, d, which is slightly above 1 implying that the underlying returns exhibit a small degree of long memory behaviour.
The same evidence of long memory is obtained for the absolute and squared returns, which are used as proxies for volatility. These results are consistent with those reported for other stock markets. More importantly, we also find evidence of higher degrees of dependence on Mondays and Fridays than during the other days of the week, validating the hypothesis that there is an anomaly in the form of a "day of the week" effect in the Ukrainian stock market.
The layout of the paper is as follows. Section 2 describes the methodology.
Section 3 presents the data and the main empirical results, while Section 4 contains some concluding comments.
Long memory and fractional integration
Long memory is a feature of the data that implies that observations far apart in time are highly correlated. There are two main definitions, one in the time domain and the other in the frequency domain. Starting with the former, given a covariance stationary process {x t , t = 0, ±1, … }, with autocovariance function E(x t -Ex t )(x t-j -Ex t ) = γ j , according to McLeod and Hipel (1978) , x t is said to be characterised by long memory if
is infinite. The alternative definition, based on the frequency domain, is the following.
Suppose that x t has an absolutely continuous spectral distribution function, implying that it has a spectral density function, denoted by f(λ), and defined as . , j cos 2
Then, x t displays the property of long memory if the spectral density function has a pole at some frequency λ in the interval [0, π), i.e.,
The empirical literature has focused on the case where the singularity or pole in the spectrum occurs at the 0 frequency, i.e., (λ * = 0). This is the standard case of I(d) models of the form:
where d can be any real value, L is the lag-operator (Lx t = x t-1 ) and u t is I(0), defined for our purposes as a covariance stationary process with a spectral density function that is positive and finite at the zero frequency. 
where y t is the observed time series, β is a (kx1) vector of unknown coefficients and z t is a set of deterministic terms that might include an intercept (i.e., z t = 1), an intercept with a linear time trend (z t = (1, t) T ), or any other type of deterministic processes. Robinson (1994) showed that, under certain very mild regularity conditions, the LM-based statistic
where " → d " stands for convergence in distribution, and this limit behaviour holds independently of the regressors z t used in (6) and the specific model for the I(0) disturbances u t in (4).
As in other standard large-sample testing situations, Wald and LR test statistics against fractional alternatives have the same null and limit theory as the LM test of Robinson (1994) . Lobato and Velasco (2007) essentially employed such a Wald testing procedure, although it requires a consistent estimate of d; therefore the LM test of Robinson (1994) seems computationally more attractive. A semiparametric Whittle approach (Robinson, 1995) will also be implemented in the paper.
Data and empirical results
The series examined is the PFTS Ukrainian Stock Index. It is registered with the has many significant values, even for some lags far away from zero, and the periodogram has the highest value at the zero frequency, which suggests some degree of long memory in the return series.
As a first step we estimate a model of the form given by equations (4) and (6),
where y t is the log-transformed price.
We report in Table 1 with the 95% confidence interval of the non-rejection values of d using Robinson (1994) parametric approach.
[Insert Table 1 about here]
The results are reported for the cases of both uncorrelated and autocorrelated errors. In the latter case, we assume first that u t is an AR(1) process, but then also model the disturbances following the more general specification proposed by Bloomfield (1973) . His is a non-parametric approach that approximates ARMA models with only a few parameters. The t-values for the deterministic terms (not reported) imply that the model with an intercept is the most adequate specification for all three types of disturbances. The estimated coefficient for the fractional differencing parameter is slightly above 1 in all three cases and, more importantly, the I (1) Table 3 ), these ranging from 0.183 (white noise u t ) to 0.310 (with Bloomfield autocorrelated errors). This evidence of long memory in the volatility of the series is in line with previous studies of other stock markets and suggests that other approaches based on autoregressive conditional heteroscedasticity models (ARCH, Engel, 1982;  GARCH, Bollerslev 1986) should be extended to the fractional case (e.g., FIGARCHtype models, Baillie, Bollerslev and Mikkelsen, 1996) when looking at stock market prices.
The results presented so far are based on a parametric approach (though a nonparametric method, Bloomfield, was also implemented for the I(0) disturbances), and should therefore be taken with caution given the possibility of misspecification.
Therefore, we also conducted the analysis using a semiparametric method where no functional form is imposed on the I(0) error term. In particular, we used a Whittle approached developed by Robinson (1995) and later extended by Velasco (1999) , Velasco and Robinson (2000) , Shimotsu (2004, 2005) , Abadir et al. (2007) 1 Absolute returns were employed by Ding et al. (1993) , Granger and Ding (1996) , Bollerslev and Wright (2000) and Gil-Alana (2003) , whereas squared returns were used in Lobato and Savin (1998) and Gil-Alana and others. This method is essentially a local 'Whittle estimator' in the frequency domain, which uses a band of frequencies that degenerates to zero. The estimator is implicitly defined by: 
where d o is the true value of d. This estimator is robust to a certain degree of conditional heteroscedasticity (Robinson and Henry, 1999) and is more efficient than other more recent semi-parametric competitors.
[Insert Figure 3 and Table 4 Table 4 displays the estimates for some specific bandwidth parameters -these are significant and positive in all cases. (2005) .
As a final step we examine whether there are any anomalies related to the days of the week, as extensively documented in the financial literature (Osborne, 1962 , Cross, 1973 French, 1980 and Gibbons and Hess, 1981) . For instance, Osborne (1962) and Cross (1973) using data of the S&P 500 found that returns were lower on Mondays than on Fridays. A similar results was reported by Gibbons and Hess (1981) for the DJIA series and in other studies for a number of countries including Canada, Australia, Japan and the UK (Jaffe and Westerfield, 1985) ; France (Solnik and Bousquet, 1990) ; and South Korea, Malaysia, the Philippines, Taiwan and Thailand (Brooks and Persand, 2001 ). Consistently with the results shown in Table 1 , the estimates are above 1 in all cases.
Their most interesting feature is that in all three cases the highest degrees of persistence are obtained for Mondays and Fridays, and the lowest for the mid-days of the week.
Thus, stock market prices are more persistent on Mondays and Fridays than during the other days of the week, implying a higher degree of predictability of their behaviour on these days. The same evidence is obtained when using the semiparametric approach of Robinson (1995) and Abadir et al. (2007) (see Table 8 for some selected bandwidth parameters).
[Insert Tables 9 and 10 about here]
Finally, the analysis for the absolute and squared returns by day of the week (in Tables 9 and 10 ) also shows higher estimates of d for Mondays and Friday (especially Mondays) than for the other days of the week.
Conclusions
In this paper we have examined the properties of the Ukranian stock market by estimating the order of integration of the PFTS series, daily, from January 9, 2007 until February 27, 2013. The main findings are the following. First, the log-prices series is highly persistent, with an order of integration significantly above 1, which implies that stock returns are characterised by long memory behaviour. Second, the same feature is detected in the absolute and squared returns which are used as a measure of volatility. Finally, the analysis by day of the week produces evidence of higher degrees of dependence on
Mondays and Fridays than on the other days of the week. 
